A new and easy way to fabricate voltammetric biosensor for acetaminophen determination was developed based on horseradish peroxidase (HRP) trapped between silica sol-gel film and multi-walled carbon nanotubes on glassy carbon electrode. Acetaminophen determination was carried out in presence of H2O2 as enzyme activator. The modified electrode showed excellent electrocatalytic activity and rapid response to acetaminophen in the presence of H2O2 as enzyme activator. Various parameters influencing the biosensor performance such as amount of enzyme, H2O2 concentration, potential scan rate and pH have been investigated. Under the optimum conditions, a wide linear range of 1.85×10 −6 to 2.7×10 −3 M was obtained for acetaminophen determination. Limit of detection was calculated about 18 nM and sensitivity was about 220 nA/µM. Furthermore, the proposed biosensor was successfully examined for simultaneous determination of acetaminophen, uric acid (UA) and folic acid (FA) as prevalent interferes. The proposed biosensor showed satisfied stability for 3 weeks and applicability of developed biosensor was confirmed with accurately evaluation of acetaminophen in real samples such as urine and tablet.
Introduction
Acetaminophen, N-acetyl-p-aminophenol, or paracetamol is a common phenolic compound that is commonly used in pharmaceutical formulations to relieve pains and fever caused by a variety of viral or bacterial infection [1] . Normal concentration range of acetaminophen for therapeutic purposes can be affected by several factors such as sex, age, general health, and synergism with other compounds. Nevertheless, its overdose may lead to the accumulation of toxic metabolites, causing severe or fatal hepatotoxicity and nephrotoxicity related to renal failure. Therefore, controlling acetaminophen doses in pharmaceutical formulations is vital in the fields of clinical chemistry and quality control [2] . So far, various techniques such as spectrophotometry [3] , liquid chromatography [4] , near infrared transmittance spectroscopy [5] , voltammetry [6] , UV-Vis spectrophotometry [7] , Fourier transform infrared spectrophotometry [8] or electrochemical detection techniques [9] have been developed for quantitative measurement of acetaminophen.. Among these techniques, electrochemical detection is the most popular method because it is simple, fast, cost effective and reproducible.
In the field of electrochemical measurement techniques, various electrodes including graphene-modified carbon-paste electrode [10] , carbon-coated nickel magnetic nanoparticles modified electrodes [11] , boron-doped diamond [12] , gold electrodes modified with self assembled monolayer [13] , carbon film resistor electrode [14] , modified electrode surface with zirconium alcoxide porous gels [15] , gold nanoparticle modified carbon paste [16] , carbon ionic liquid [17] and MWCNTs/carbon nanoparticle modified electrode [18] have been used in electrochemical determination of acetaminophen. However, to the best of our knowledge, there is no report on the use of horseradish peroxidase (HRP) with multiwalled carbon nanotubes (MWCNTs) and silica sol-gel (for immobilization of HRP) in acetaminophen determination [19] .
Carbon nanotubes (CNTs), which is used in current developed electrode, are one of the most common and effective modifiers which has been used to modify carbon paste electrodes. CNTs are gaining popularity in electrochemistry as a viable nanomaterial due to their extraordinary electronic properties, large surface area, significant mechanical strength, mass transfer capabilities, high catalytic capability and chemical and structural characteristics [20, 21] .
A selsctive and sensitive electrochemical method for determination of any phenolic compound like acetaminophen is the application of proxidase enzymes such as laccase [22, 23] , tyrosinase [24, 25] and HRP [26, 27] in electrode modification. Figure   1b shows the SEM image of GCE/MWCNTs/HRP/silica sol-gel surface.
As can be seen in this figure, dried and layered sol-gel film has completely covered the MWCNTs/HRP content on GCE surface and consequently, has provided appropriate cover to prevent direct contact of HRP with solution.
The principle of HRP-modified electrode for acetaminophen detection
The electrochemical and redox reactions that is released from the heme [28] .
Phenolics can act as well-known electron mediators in the HRP modified biosensor.
Phenolic compounds reduce the oxidized HRP to native form and convert them to quinine or an electroactive phenoxy radical. These types can be efficiently reduced on electrode surface. Therefore, the reduction current is directly
proportional to the phenol concentration in the solution [29] . The phenolic biosensor based on this mechanism was developed in 
Effect of pH on biosensor response
It is well known that pH is one of the most important parameters that control the 
Comparison of the biosensor response for H2O2 and acetaminophen
It is known that peroxidases can catalytically reduce the H2O2. So it is possible that part of reduction current observed in cyclic voltammograms is related to H2O2 reduction in the presence of HRP. This may be strongly decreases the biosensor selectivity. Figure 7 shows the comparision of biosensor response for a Results are summarized in Table 2 .
Recovery is between 94.7 and 105.4% that are very satisfied for accurate drug determination in real samples. Equations for UA and FA oxidation were shown at Schemes 2c (2) and (3) respectively. 
Effect of potential scan rate

Stability of biosensor
Developed biosensor was suitably stable for about 3 weeks so that, it reached 85% of primary response (response in first day of fabrication) after 3 weeks. Also it has approximately a same response after 20 successively determination of a fixed acetaminophen solution.
Conclusion
The developed acetaminophen biosensor 
